Introduction {#sec1-1}
============

In recent years, monitoring of intracranial pressure (ICP) by noninvasive methods are being practiced with the use of bedside ocular sonography. In severe head injury, intracranial bleeding and idiopathic intracranial hypertension, several studies showed close association between optic nerve sheath diameter (ONSD) and raised ICP.\[[@ref1][@ref2][@ref3]\] Raised ICP can be detected with an increase in ONSD due to the presence of continuity of meninges and subarachnoid space around the optic nerve.\[[@ref4][@ref5]\]

It is very important to detect and treat raised ICP in such crucial situations.\[[@ref6][@ref7]\] Intraventricular catheters have been considered as gold standard in measuring ICPs. Their usage is limited by cost and is associated with complications like infection and bleeding. Assessment of ICP and its monitoring with radiological imaging modalities requires transportation, which increases the risk and endangers the lives of critically ill patients.\[[@ref8]\]

Ultrasound is a cost effective treatment modality which does not require transportation of the patient. It is helpful bedside noninvasive method in measuring ONSD. It can be repeated at regular intervals which help in close monitoring of ICP as well.

In the study, we tried to assess the numerical accuracy of the ocular sonography measurements by comparing with the readings obtained with magnetic resonance imaging (MRI) images.

Materials and Methods {#sec1-2}
=====================

After obtaining Institutional Review Board\'s permission, we conducted a prospective observational study of 100 adult patients between May 2013 and December 2014. We enrolled 50 male and female patients each admitted to Intensive Care Unit (ICU) who were diagnosed with meningoencephalitis. They underwent MRI of the brain as a part of their treatment strategy. Ocular sonography was performed on the same day as MRI. All these patients were examined in the supine position using a 10 MHz phased linear array probe on the closed eyelids. The structures of the eye were visualized to align the optic nerve directly opposite the probe, with the ONSD width perpendicular to the vertical axis of the scanning plane. A single ONSD was measured 3.00 mm behind the globe \[[Figure 1](#F1){ref-type="fig"}\] in both the eyes. The ONSD measurements were obtained averaging three readings from each eye to create a binocular ONSD measurement by calculating their average.\[[@ref5][@ref9]\] The measurements above 4.6 mm and 4.8 mm in females and males were considered to have increased ICP.\[[@ref10][@ref11][@ref12]\]

![Measurement of optic nerve sheath diameter by ocular ultrasonography](IJCCM-19-466-g001){#F1}

All MRI examinations were performed using 1.5T MRI system (GE Healthcare, Milwaukee, WI, USA) equipped with a maximum field gradient strength of 22 mT/m and using a quadrature head coil. The MRI sequences used in this study are described below: Fluid-attenuated inversion recovery (FLAIR) (TE = 84 ms, TR = 8000 ms, inversion time 2000 ms, and bandwidth = 20.83 Hz). FLAIR were acquired in the axial plane with a field of view (FOV) 240 mm × 240 mm, matrix size 256 × 224 and 5 mm slice thickness with slice gap of 1.5 cm. Axial T2-weighted MRI using a single-shot spin echo echo-planar-imaging sequence. The sequence covered the whole brain with 20 contiguous slices that were acquired as two interleaved series of four repeats; that is, 5.0 mm thick slices with 1.5 mm gaps. Other parameters were set as TR = 8000 ms, TE = 88 ms, acquisition matrix 96 × 96, FOV = 24 cm, and resulted in in-plane resolution of 2.5 mm.

The ONSD was measured just behind the optic globe. The retrobulbar area was zoomed to 300×, and then ONSD was measured in an axis perpendicular to the optic nerve, 3 mm behind the globe using an electronic caliper \[[Figure 2](#F2){ref-type="fig"}\]. The finding of MRI was reported by the on-site radiologist, and they were correlated with bedside ONSD measurement by ocular sonography.

![Measurement of optic nerve sheath diameter on T2-weighted magnetic resonance imaging](IJCCM-19-466-g002){#F2}

Patients with a history of optic neuritis, arachnoid cyst of the optic nerve, high myopia, optic nerve trauma, and anterior orbital or cavernous sinus mass are excluded from the study. The variables used were age, sex, ONSD ultrasound, and ONSD-MRI.
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### Statistical analysis {#sec3-1}

Statistical analyses were performed using the standard statistical software. Categorical variables were summarized through the calculation of frequency and relative frequency. Continuous variables were summarized through the calculation of mean and standard error. The statistical method employed for the study was Bland-Altman analysis and the mean difference (d) and standard deviation (SD) of the difference were calculated. From these data, the limits of agreement were calculated (SD, 95% confidence intervals \[CIs\]). Furthermore, correlation analyses was performed with Pearson\'s correlation coefficient (r) to quantify the strength of agreement.

Results {#sec1-3}
=======

We conducted a prospective observational study on 100 patients with 50 male and 50 female subjects. The mean age of the female and male was 53.90 ± 17.84 and 56.06 ± 15.67 years, respectively \[[Table 1](#T1){ref-type="table"}\]. The mean ONSD of USG and MRI for a female was 5.48 ± 0.43 mm and 5.68 ± 0.44 mm while for males it was 5.40 ± 0.37 mm and 5.56 ± 0.38 mm, respectively \[[Table 2](#T2){ref-type="table"}\]. Both ONSD-USG and ONSD-MRI were compared. In females 95% CI was 0.825--0.993, T = −9.06, *P* \< 0.001 where as in male 95% CI was 0.959--0.99, T= −16.914, *P* \< 0.001 as shown in \[[Table 2](#T2){ref-type="table"}\]. Bland-Altman analysis was done to show agreement between both methods of measurement of ONSD, the analysis showed a correlation between ocular sonography and MRI \[[Figure 3](#F3){ref-type="fig"}\]. The mean difference was −0.1912, the regression coefficient of 0.02, and *P* \< 0.001 \[[Table 3](#T3){ref-type="table"}\].

###### 

Demographic data

![](IJCCM-19-466-g003)

###### 

Comparison of ONSD between USG and MRI in gender
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![Correlation of optic nerve sheath diameter by transorbital sonography and magnetic resonance imaging using Bland-- Altman analysis](IJCCM-19-466-g005){#F3}

###### 

Comparison of ONSD by transorbital sonography and MRI
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Discussion {#sec1-4}
==========

Monitoring of ICP is of paramount importance in neuro ICU. Increased ICP causes brain insult that may be associated with increased mortality and poor neurological outcomes.\[[@ref6][@ref7][@ref13]\]

Dural covering continues as optic nerve sheath that increases in size, when there is raise in ICP. Edema of the optic disc was earlier considered a sign of raised ICP, but was not shown to be a sensitive marker as it took many days to develop.\[[@ref14]\] It was shown that ONSD increases within seconds of raise in ICP which can be detected early with ocular sonography.\[[@ref5][@ref9]\] Studies done earlier suggested a good correlation between invasive ICP monitoring and ocular sonography in measuring intracranial hypertension.\[[@ref15][@ref16]\] This created much interest among medical fraternity for the use of ultrasound as a means of detecting intracranial hypertension. Ocular sonography for measuring ONSD has been studied in cases of hydrocephalus, hepatic failure, and traumatic brain injury (TBI).\[[@ref9][@ref17]\] The ONSD, measured behind the retina at fixed distance has been studied in TBI and intracranial hemorrhage to detect and quantify intracranial hypertension.\[[@ref2][@ref18]\] In our previous study, we performed the efficacy of ONSD measurement by USG to predict intracranial hypertension.\[[@ref19]\] Using cut-off values of 4.6 mm for females, and 4.8 mm for males, they found a high level of sensitivity and specificity for the diagnosis of intracranial hypertension evident on computed tomography (CT) or MRI.

It was reported earlier that high-resolution MRI had been accurate at measuring ONSD\[[@ref20][@ref21]\] as well as detecting raised ICP in cases of idiopathic hydrocephalus and to diagnose a malfunction of shunts.\[[@ref22][@ref23][@ref24][@ref25]\]

Steinborn *et al*. showed good correlation between USG and MRI in measuring ONSD in children with raised ICPs.\[[@ref26]\] Studies performed between both modalities to measure ONSD were done in subjects with normal ICP. The reason of selection of MRI of the optic nerve sheath as a reference is due to its high spatial resolution and the clear delineation of orbital structures. We studied the correlation of both modalities in measuring ONSD in meningoencephalitis patients, which were not studied earlier.

Both ONSD-USG and ONSD-MRI were compared at 3 mm depth behind papilla. In female 95% CI was 0.825--0.993, T = −9.06, *P* \< 0.001, whereas in male 95% CI was 0.959--0.99, T = −16.914, *P* \< 0.001. We found a good correlation between ONSD measurements of ocular sonography and MRI. Bland-Altman analysis plot was drawn which also suggested close correlation (r = 0.02; *P* \< 0.001).

Steinborn *et al*. and few cadaver studies also showed a good correlation between ultrasound and MRI of the ONSD 3 mm behind the papilla in healthy individuals.\[[@ref27]\]

A positive correlation was seen between the ONSD and invasive ICP (r = 0.68) in a study performed in TBI patients.\[[@ref28]\] Few more noninvasive studies were carried out to correlate ICP with ONSD (transcranial Doppler and Marshall\'s classification for head CT scan), they also showed similar results. Using a ROC curve the optimum ONSD cut-off value for detection of raised ICP was found to be (5.7 mm). Limitation of our study is the lesser number of subjects we enrolled. A larger number of subjects would be required to be studied to authenticate our conclusions.

Conclusion {#sec1-5}
==========

ONSD has been established to reflect the raise in ICP. Studies published regarding the accuracy of ultrasound in measuring ONSD have been few. In our trial, we showed that the accuracy of ONSD measured by ocular sonography was similar to ONSD measured by MRI. It further proves the fact that ultrasound as a point of care investigation is reliable and helpful in close monitoring of ICP in neurointensive care requiring patients.
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